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[Docioment] Specification 

[Title of the Invention] Reflective-Type Color Liquid Crystal 
Device 

[What Is Claimed Is] 

[Claim 1] A reflective color liquid crystal device, comprising a 
pair of opposing substrates having electrodes on the inside, a 
liquid crystal sandwiched between said substrates, at least two 
colors of color filters, at least one polarizing plate, and a 
reflector, characterized in that said color filters are provided 
only in a part of the light-controllable area within each dot. 

[Claim 2] A reflective color liquid crystal device as defined in 
Claim 1, characterized in that said color filters are provided in 
the center of the light-controllable area within each dot at a 
distance from the color filters of other dots. 

[Claim 3] A reflective color liquid crystal device as defined in 
Claim 1 or 2, characterized in that said color filters are 
provided in the light-controllable area within each dot and are 
divided into at least two areas. 

[Claim 4] A reflective color liquid crystal device as defined in 
Claim 1 through Claim 3, characterized in that said color filters 
are provided in a position between said electrode and liquid 
crystal. 

[Claim 5] A reflective color liquid crystal device, comprising a 
pair of opposing substrates having electrodes on the inside, a 
liquid crystal sandwiched between said substrates, at least two 
colors of color filters, at least one polarizing plate, and a 
reflector, characterized in that said color filters are provided 
only in two thirds of the overall number of dots or less. 

[Claim 6] A reflective color liquid crystal device, comprising a 
pair of opposing substrates having electrodes on the inside, a 
liquid crystal sandwiched between said substrates, at least two 
colors of color filters, at least one polarizing plate, and a 
reflector, characterized in that the thiclcness of said color 
filters is 0.23|im or less. 

[Claim 7] A reflective color liquid crystal device, comprising a 
pair of opposing substrates having electrodes on the inside, a 
liquid crystal sandwiched between said substrates, three colors 
of color filters, being red, green, and blue, at least one 
polarizing plate, and a reflector, characterized in that at least 
either of said blue system or red system color filter is a cyan 
or orange color filter. 



[Claim 8] A reflective color liquid crystal device as defined in 
Claim 1 through Claim 7, characterized in that the substrate on 
the far side from the reflector among said pair of substrates is , 
provided with a MIM element or a TFT element, 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] 

The present invention relates to a reflective liquid crystal 
device . 

[0002] 

[Prior Art] 

The displays mounted on small-scale portable information 
terminals such as a PDA (Personal Digital Assistant) at present 
are almost all monochrome reflective STN (Super Twisted 
Nematic) liquid crystal. The need for a color display also is 
high, but in a conventional transmissive liquid crystal device, 
which requires a bacJclight, the power consumption is great, and 
it is not oriented toward portability. Accordingly, a liquid 
crystal device capable of color display using a reflective liquid 
crystal is strongly expected. 

[0003] 

The development of a reflective color liquid crystal device 
was begun in earnest from the mid-1980s. Before then, it was 
thought that with any type of liquid crystal mode, such as in 
Japanese Laid-Open Patent No. 50-80799, whether transmissive or 
reflective, color display was only possible by providing a 
primary color filter to it. Nevertheless, a transmissive color 
liquid crystal device does not function as a reflective color 
liquid crystal device by only providing a reflector. The number- 
one question is how to assure a practical brightness. 

[0004] 

The widely-used TN (Twisted Nematic) and STN modes maJce at 
least half of the light useless because a polarizing plate is 
necessary. In an article by Mr. Tatsuo Uchida, et al . (IEEE 
Transactions on Electron Devices, Vol. ED-33, No. 8, pp. 1207- 
1211 (1986)), a comparison of various types of liquid crystal 
devices was performed as shown in its Fig. 2, and as a result, 
the PCGH (Phase Change Guest Host) mode, which does not require a 



polarizing plate, was selected. Also, in Japanese Laid-Open 
Patent No. 5-241143 as well, the PDLC (Polymer Distribution 
Liquid Crystal) mode, which does not require a polarizing plate, 
was selected in order to implement a reflective color liquid 
crystal device. Thus, the conventional belief was that a liquid 
crystal display mode using a polarizing plate was not suitable 
for a reflective color liquid crystal device. 



[0005] 



When thinking of improving brightness, the important 
viewpoint in addition to the liquid crystal display mode is the 
color design of the color filters. Conventionally, the color 
filters used in a transmissive color liquid crystal device had 
spectral properties as shown in Fig. 17. In Fig. 17,- the 
horizontal axis is the wavelength of the light, the vertical axis 
is the transmissivity, 21 is the spectrum of a red filter, 22 is 
the spectrum of a green filter, and 23 is the spectrum of a blue 
filter. While there may be individual differences, the light 
capable of being sensed by a human is within the wavelength range 
of 380nm to 780nm, and the visual sensitivity is high within the 
wavelength range of 45Qnm to 660nm in particular. Thus, if the 
average transmissivity is defined as the simple average of the 
transmissivity within this wavelength range, the average 
transmissivity of the red filter was 28%, that of the green 
filter was 33%, and that of the blue filter was 30%. Brighter 
filters are necessary for use in a reflective color liquid 
crystal device. 



[0006] 



Regarding the color filters proposed in Fig. 8 of the 
aforementioned article by Mr. Tatsuo Uchida, et al., two colors 
being in a mutually complementary relationship were used, and 
efforts were made so that they would become brighter than three 
colors. Their spectral properties are shown in Fig. 18. In Fig. 
18, the horizontal axis is the wavelength of the light, the 
vertical axis is the reflectivity, 22 is the spectrum of a green 
filter, and 26 is the spectrum of a magenta filter. Comparison 
is difficult since the vertical axis is represented by 
reflectivity, but if the transmissivity is presumed simply to be 
square root of the reflectivity at each wavelength, then the 
average transmissivity of the green filter was 41%, and that of 
the magenta filter was 48%. 

[0007] 



Also, an article by Mr. Seiichi Mitsui, et al. (SID 92 
DIGEST, pp. 437-440 (1992)) related to a reflective color liquid 
crystal device having used the same PCGH mode, but they used two 



bright color filters as shown in Fig. 2. Their spectral 
properties are shown in Fig. 19. In Fig. 19, the horizontal axis 
is the wavelength of the light, the vertical axis is the 
reflectivity, 22 is the spectrum of a green filter, and 26 is the 
spectrum of a magenta filter. The vertical axis is represented 
by reflectivity, but if the transmissivity is presumed similarly 
to be square root of the reflectivity at each wavelength, then 
the average transmissivity of the green filter was 68%, and that 
of the magenta filter was 67%. 

[0008] 

Also, regarding the color filters proposed in Figs. 2(a), 
(b) , and (c) of Japanese Laid-Open Patent No. 5-241143, the three 
colors, yellow, cyan, and magenta, were used rather than the 
three colors, red, green, and blue. Their spectral properties 
are shown in Fig. 20. In Fig. 20, the horizontal axis is the 
wavelength of the light, the vertical axis is the reflectivity, 
24 is the spectrum of a yellow filter, 25 is the spectrum of the 
cyan filter, and 2 6 is the spectrum of a magenta filter. 
Comparison is difficult since the vertical axis is represented by 
reflectivity, and because* there are no graduations on the axis. 
However, having estimated roughly the average transmissivity by 
considering the maximum value of the reflectivity to be the 
highest position at 100%, and simply presuming the transmissivity 
to be square root of the reflectivity at each wavelength, then 
the yellow filter was about 70%, the cyan filter was about 60%, 
and the magenta filter was about 50%. 

[0009] 

Thus, a conventional reflective color liquid crystal device 
was implemented by combining a bright liquid crystal mode not 
using a polarization plate and bright color filters. However, 
despite being called bright color filters, color filters having 
an average transmissivity lower than 70% within the wavelength 
range of 450nm to 660nm were used. 

[0010] 

[Problems the Invention Tries to Solve] 

Nevertheless, because a conventional reflective color liquid 
crystal device did not use a polarization plate, there was a 
problem that a high contrast could not be obtained, and as a 
result, color reproduction was poor. For example, in the article 
by Mr. Tatsuo Uchida, et al . , it is understood from page 128, 
right column, line 19 that the designed value of the contrast 
ratio is 1:5. Also, in the aforementioned article by Mr. Seiichi 
Mitsui, et al./ it is understood from page 439, line 22 that the 



contrast ratio was only 1:3. Since the contrast ratio of a 
conventional transmissive color liquid crystal device is 1:100 or 
more, a contrast ratio of 1:3 or 1:5 or less cannot compare. 
AlsO/ whether the liquid crystal mode not using a polarizing 
plate is the PCGH mode or the PDLC mode, there are numerous 
problems in manufacturing and in the securing of reliability, and 
there is the big problem that it cannot be said to have been put 
to practical use yet. 



[0011] 



Thus, the present invention 
color liquid crystal device that 
contrast ratio • 

[0012] 



aims to provide a reflective 
is bright and has a high 



[Means to Achieve the Object] 

The invention as defined in Claim 1 is a reflective color 
liquid crystal device, comprising a pair of opposing substrates 
having electrodes on the inside, a liquid crystal sandwiched 
between said siabstrates, at least two colors of color filters, at 
least one polarizing plate, and a reflector, characterized in 
that said color filters are provided only in a part of the light- 
controllable area within each dot. 



[0013] 



It is desirable that said color filters be provided in 50% 
or less, preferably 45% or less, more preferably 40% or less, 
most preferably 35% or less, moreover 15% or more, preferably 25% 
or more of the surface area of the light-controllable area within 
each dot. Also, it is desirable that the average transmissivity 
for the light in the wavelength range of 450nm to 660nm be 70% or 
more, preferably 75% or more, moreover 90% or less. Also, it is 
desirable that the color filters not be provided in the areas not 
light-controllable within each dot, but there is no obstacle to 
their being provided in a position that blocks reflections due to 
the metallic, wiring and the like. Also, this is related to the 
invention as defined in Claim 5, explained later, but when three 
colors of color filters, being a red system, green system, and 
blue system, are provided, it is desirable that the surface of 
the blue system and red system color filters be made less in 
comparison with the green system. 



[0014] 



The term ^"dot" used here is defined in the Electronic 
Industry Association of Japan (EIAJ) standard, ED-2511A, as ^'the 



element which forms each pixel," and that ""^pixel" is defined as 
^^the minimum display unit that can realize the necessary function 
of a display in a matrix display. As an example, in a color 
display by vertical RGB stripes, a total of three dots, being a 
succession of one dot each of RGB is one pixel." Also, ^'light- 
controllable area" indicates the area within the 'Mots" defined 
by the above-mentioned standard, whereby voltage can be applied 
to the liquid crystal sandwiched between the upper and lower 
electrodes, moreover the light is not obstructed by a black mask 
or metallic wiring, or the like. 

The invention as defined in Claim 2 is characterized in that 
said color filters are provided in the center of the light- 
controllable area within each dot at a distance from the color 
filters of other dots. In other words, it is characterized in 
that there is an area in the periphery of each color filter 
wherein the light is transmitted without any particular color 
being absorbed. 

[0015] 

The invention as defined in Claim 3 is characterized in that 
said color filters are provided in the light-controllable area 
within each dot and are divided into at least two areas. The two 
areas may have points in contact with each other, for example, in 
a checkered pattern. 

[0016] 

The invention as defined in Claim 4 is characterized in that 
said color filters are provided in a position between said 
electrode and liquid crystal. 

[0017] 

The invention as defined in Claim 5 is a reflective color 
liquid crystal device, comprising a pair of opposing substrates 
having electrodes on the inside, a liquid crystal sandwiched 
between said substrates, at least two colors of color filters, at 
least one polarizing plate, and a reflector, characterized in 
that said color filters are provided only in two thirds of the 
overall number of dots or less. 

[0018] 

The invention as defined in Claim 6 is a reflective color 
liquid crystal device, comprising a pair of opposing substrates 
having electrodes on the inside, a liquid crystal sandwiched 
between said substrates, at least two colors of color filters, at 
least one polarizing plate, and a reflector, characterized in 



that the thickness of said color filters is 0.23pin or less, 
preferably O.lS^im or less, more preferably O.OSjim or more, 

[0019] 

The invention as defined in Claim 7 is a reflective color 
liquid crystal device, comprising a pair of opposing substrates 
having electrodes on the inside, a liquid crystal sandwiched 
between said substrates, three colors of color filters, being 
red, green, and blue, at least one polarizing plate, and a 
reflector, characterized in that at least either of said blue 
system or red system color filter is a cyan or orange color 
filter, 

[0020] 

Said cyan color filter is characterized in that it has a 
transmissivity of 70% or more, desirably 75% or more, for the 
light in at least the wavelength range of 450nm to 520nm. 

[0021] 

Also, said orange color filter is characterized in that it 
has a transmissivity of 70% or more, desirably 75% or more, for 
the light in at least the wavelength range of 570nm to 660nm. 

Also, said green color filter is characterized in that it 
has a transmissivity of 70% or more only for the light in the 
wavelength range of SlOnm to 590nm, being a green having a 
comparatively high color purity, 

[0022] 

The invention as defined in Claim 8 is characterized in that 
the substrate on the far side from the reflector among said pair 
of substrates is provided with a MIM element or a TFT element - 
Also, it is characterized in that , in particular, the substrate 
on the side near the reflector is thinner in relation to the 
substrate on the other side. 

[0023] 

[Description of the Preferred Embodiments] 

The reflective color liquid crystal device of the present 
invention has assured a high contrast by selecting a liquid 
crystal display mode using a polarizing plate, and has combined 
color filters that are more impressively bright than the 
conventional , 



[0024] 



There are many liquid crystal display modes using a 
polarizing plate, but for the purpose of the present invention, a 
liquid crystal mode capable of bright black-and-white display is 
suitable, such as the TN mode proposed in Japanese Laid-Open 
Patent No. 51-013666, the retardation plate compensated STN mode 
proposed in Japanese Laid-Open Patent No. 3-50249, the single 
polarizing plate nematic liquid crystal mode proposed in Japanese 
Laid-open Patent No. 3-223715, the nematic liquid crystal mode 
that performs bistable switching proposed in Japanese Laid-Open 
Patent No. 6-235920, and the single polarizing plate hybrid 
oriented nematic liquid crystal mode published in Lecture No. 
3A19 of the 21st Liquid Crystal Forum (1995) . Among these, the 
TN mode is particularly superior from the point that a bright 
high contrast can be obtained. However, on the other hand, the 
spike characteristic of the voltage transmissivity properties is 
poor, and there is also the deficiency that expensive MIM 
elements and TFT elements are required for each dot. In order to 
be driven by a cheap simple matrix method, a liquid crystal mode 
other than the TN mode is more suitable, for example, the 
retardation plate compensated STN mode, or the like. 

[0025] 

Also, there are two means for obtaining a bright color 
filter. The first method is a method of making the color of the 
color filter thinner and lighter, for example, a method that 
makes a red color filter pink. This can be realized by making 
the filter itself thinner than normally, and by decreasing the 
dye content. Nevertheless, in the case of a dye distributed 
color filter as is normally used, the degradation of the 
distribution becomes prominent as the dye is reduced, and it 
tends to become spotty. Thus, a method of making the average 
color thinner and lighter by providing the color filer on only a 
part of the dot is effective. The second method is a method that 
widens the wavelength range of the light transmitted by the color 
filter, for example, a method that makes a red filter orangis. 

[0026] 

The present, invention is explained in detail below based on 
the drawings . 

[0027] 

(Embodiment 1) 

Fig. 1 is a drawing showing the essential components of a 
reflective color liquid crystal device pertaining to the 



invention as defined in Claim 1 of the present invention. First 
the configuration is explained. 1 is an upper polarizing plate, 
4 is an element substrate, 3 is liquid crystal, 2 is an opposing 
substrate, 5 is a lower polarizing plate, and 6 is a scattering 
reflector. On opposing substrate 2 are provided opposing 
electrode (scan line) 8 and color filters 1, and on element 
substrate 4 are provided signal line 9, pixel electrode 10, and 
MIM element 11. Here, 1 and 4, 2 and 5, and 5 and 6 are depicted 
as separated, but this is in order to clarify the drawing, and in 
actuality they are adhered with glue. Also, the interval between 
opposing substrate 2 and element substrate 4 is depicted as 
widely separated, but this is for the same reason, and in 
actuality there is only a gap of as little as several jam to lOjim 
or so. Also, because Fig. 1 shows the essential components of a 
reflective color liquid crystal device, only 3x3=9 pixels are 
shown, but actually there are 640 x 960 == 614400 dots formed in 
one panel. Also, the light-controllable area in one dot is an 
area in which a depression-shaped ITO on the element substrate 
overlaps with a bar-shaped ITO on the opposing substrate, and 
that outline is shown with a broken line on the ITO of the 
opposing substrate. (Although a part is overlaid by the color 
filters, please refer to Fig. 6, which shows the same outline.) 

Opposing substrate 8 and pixel electrode are composed of 
transparent ITO, and signal line 9 is composed of metallic Ta. 
MIM element [11] is of a structure having sandwiched TaaOa with 
metallic Ta and metallic Cr. Liquid crystal 3 is a nematic 
liquid crystal twisted 90®, and the An and cell gap d of the 
liquid crystal cells was selected such that the Anxd of the 
liquid crystal cells becomes 1.34|am. Also, the upper and lower 
polarizing plates were arranged such that their absorption axes 
become parallel with the rubbing axis of the adjacent substrate. 
This is the configuration of the TN mode being the brightest and 
having the least coloration. Also, color filters 7 consist of 
the two colors, red (^^R" in the drawing) and cyan (^'C" in the 
drawing) , being in a mutually complementary relationship, but 
they are provided only in a part of the light-controllable area. 

[0028] 

Fig. 2 is a drawing showing the spectral properties of color 
filters 7. In Fig. 2, the horizontal axis is the light 
wavelength, the vertical axis is the transmissivity, 21 is the 
spectrum of a red filter, and 25 is the spectrum of a cyan 
filter. Spectroscopy was performed using a microspectrometer on 
the opposing substrate group, and the transmissivity of the glass 
substrate and transparent electrode was corrected to 100%. 
Hereafter, the spectral properties of the color filters are all 
measured by this method. The average transmissivity, having 



simply averaged the transmissivity in the 450nm to 660nm 
wavelength range^ was 30% for the red filter, and 58% for the 
cyan filter. However, this is when the color filters are 
provided on the entire surface, but when they are provided only 
on a part, the average value in the light-controllable area shall 
be called the average transmissivity. 

[0029] 

Fig. 3 is the results having sought the average 
transmissivity by variously changing the percentages of the areas 
providing the color filters within the light-controllable area. 
71 is the average transmissivity in dots providing the red 
filter, and 72 is the average transmissivity in the dots 
providing the cyan filter. 

[0030] . 

When the surface area ratio of the color filters was 100%, 
that is, when the color filters were provided on the entire 
surface, the displays were dark such that they could not be 
discriminated unless under direct sunlight outdoors or unless 
special illumination was performed with such as a spotlight. 
When the surface area ratio of the color filters was 45% or less, 
that is, when the average transmissivity of all the color filters 
was 70% or more, a brightness was obtained being comfortable to 
use in a comparatively bright room of about 1000 lux brightness, 
for example^ in an environment such as an office desk illuminated 
by a fluorescent lamp stand. When the surface area ratio of the 
color filters was 35% or less, that is, when the average 
transmissivity of all the color filters was 75% or more, a 
brightness was obtained being sufficient for use even under the 
ordinary room illumination of about 200 lux. Also, when the 
surface area ratio of the color filters was 15% or more, that is, 
when the average transmissivity of all the color filters was 90% 
or less, a display was possible such that the red and the cyan 
could be discriminated. When the surface area ratio of the color 
filters was 25% or more, that is, when the average transmissivity 
was also 90% or less, a display was possible such that the colors 
could be recognized clearly. Also, when all the color filters 
were provided, a high contrast ratio of 1:15 could be obtained. 

[0031] 

The color filters used in Embodiment 1, excluding the dots 
using the cyan color, are ordinary color filters used in 
transmissive types, and they are of the same extent of spectral 
properties and the same extent of brightness. For such color 
filters, it is desirable that they be provided on 45% or less of 
the light-controllable area, preferably 35% or less, moreover, 



that they be provided on 15% or more, preferably 25% or more of 
the area. 

[0032] 

In Embodiment 1, MIM elements were used as the active 
elements, but this was because they are rather useful in 
increasing the aperture, but if the aperture is the same, there 
is no change in the effect of the present invention even when 
using TFT elements. 

[0033] 

( Embodiment 2 ) 

Embodiment 2 is a reflective color liquid crystal device 
pertaining to the invention as defined in Claim 1 of the present 
invention. Its structure is identical to the reflective color 
liquid crystal device of Embodiment 1 shown in Fig. 1, but the 
properties of the color filters are different. 

[0034] 

Fig. 4 is a drawing showing the spectral properties of the 
color filters used in Embodiment 2. In Fig. 2, the horizontal 
axis is the light wavelength, the vertical axis is the 
transmissivity, 21 is the spectrum of the red filter, and 25 is 
the spectrum of the cyan filter. For color filters that can be 
fabricated according to conventional processes without the 
problems of dye distribution, and the like, this extent of 
brightness is the maximum. 

[0035] 

Fig. 5 is the results having sought the average 
transmissivity by variously changing the percentages of the areas 
providing the color filters within the light-controllable area. 
73 is the average transmissivity in dots providing the red 
filter, and 74 is the average transmissivity in the dots 
providing the cyan filter. 

[0036] 

When the surface area ratio of the color filters was 100%, 
that is, when the color filters were provided on the entire 
surface, the displays were darlc and were difficult to see unless 
under direct sunlight outdoors or unless special illumination was 
performed with such as a spotlight. When the surface area ratio 
of the color filters was 45% or less, that is, when the average 
transmissivity of all the color filters was 70% or more, a 



brightness was obtained being comfortable to use in a 
comparatively bright room of about 1000 lux brightness, for 
example, in an environment such as an office desk illuminated by 
a fluorescent lamp stand. When the surface area ratio of the 
color filters was 35% or less, that is, when the average 
transmissivity of all the color filters was 75% or more, a 
brightness was obtained being sufficient for use even under the 
ordinary room illumination of about 200 lux. Also, when the 
surface area ratio of the color filters was 15% or more, that is, 
when the average transmissivity of all the color filters was 90% 
or less, a display was possible such that the red and the cyan 
could be discriminated. When the surface area ratio of the color 
filters was 25% or more, that is, when the average transmissivity 
was also 90% or less, a display was possible such that the colors 
could be recognized clearly. Also, when all the color filters 
were provided, a high contrast ratio of 1:15 could be obtained. 

[0037] 

The color filters used in Embodiment 2, excluding the points 
using the cyan color, are ordinary color filters used in 
transmissive types, and they are of the same extent of spectral 
properties and the same extent of brightness. For such color 
filters, it is desirable that they be provided on 50% or less of 
the light-variable area, preferably 40% or less, moreover, that 
they be provided on 15% or more, preferably 25% or more of the 
area . 

[0038] 

(Embodiment 3) 

Fig. 6 is a drawing showing the essential components of the 
structure of a reflective color liquid crystal device pertaining 
to the invention as defined in Claim 2 of the present invention. 
The structure is explained- 1 is an upper polarizing plate, 4 is 
an element substrate, 3 is liquid crystal, 2 is an opposing 
substrate, 5 is a lower polarizing plate, and 6 is a scattering 
reflector. On opposing substrate 2 are provided opposing 
electrode (scan line) 8 and color filters 7, and on element 
substrate 4 are provided signal line 9, pixel element 10, and MIM 
element 11 • Also, the light-controllable area in one dot is an 
area in which a depression-shaped ITO on the element substrate 
overlaps with a bar-shaped ITO on the opposing substrate, and 
that outline is shown with a broken line on the ITO of the 
opposing substrate - 

The color filters 7 are composed of the two colors, red (^^R" 
in the drawing) and cyan in the drawing) , being in a 

mutually complementary relationship, and they are provided 



substantially in the middle of the light-controllable area. It 
is desirable that it be arranged such that there are no other 
color filters in the perimeter of the various color filters. By 
being arranged in this manner, a display having little color 
blending is possible. The reason why is that, ordinarily, 
because there exists a distance of only the thickness of at least 
the opposing substrate between the color filter layer and the 
reflective plate, color mixing occurs by the light introduced 
through the red filter and being emitted through the cyan filter 
or the reverse, but in the arrangement mentioned above, such a 
probability is reduced. 

[0040] 

(Embodiment 4) 

Fig. 7 is a drawing showing the essential components of the 
structure of a reflective color liquid crystal device pertaining 
to the invention as defined in Claim 3 of the present invention. 
The configuration is explained. 1 is an upper polarizing plate, 
4 is an element substrate, 3 is liquid crystal, 2 is an opposing 
substrate, 5 is a lower polarizing plate, and 6 is a scattering 
reflector. On opposing substrate 2 are provided opposing 
electrode (scan line) 8 and color filters 7, and on element 
substrate 4 are provided signal line 9, MIM elements 10, and 
pixel electrode 11. 

[0041] 

Color filters 7 are composed of the two colors, red (^"R" in 
the drawing) and cyan (^^C" in the drawing) , being in a mutually 
complementary relationship, and they are arranged variously 
divided in five areas in the middle of the light-controllable 
area, forming a checlcered shape. If the color filters are 
provided only on a part of the dots, the parts not having the 
color filters are white and easy to see, but if they are divided 
into fine areas in this manner, it has the advantage that the 
color mixing is good. The number of divisions of course may be 
two, but the effect is greater when being divided into three or 
more . 

[0042] 

Also, a black mask (^'BK" in the drawing) is provided in a 
position covering the scan line. This black mask particularly 
has the effect of preventing reflection when opposing substrate 2 
in Fig. 21 is positioned on the upper side and element substrate 
4 is positioned on the lower side. Also, even if black dye is 
not used purposefully, it may be substituted by red, cyan or 
their combination. 



[0043] 



(Embodiment 5) 

Embodiment 5 is a reflective color liquid crystal device 
pertaining to the invention as defined in Claim 4 of the present 
invention. However, its structure is identical to the reflective 
color liquid crystal device of Embodiment 1 shown in Fig. 1, the 
reflective color liquid crystal device of Embodiment 3 shown in 
Fig. 6, and the reflective color liquid crystal device of 
Embodiment 4 shown in Fig. 7. 

[0044] 

Its characteristics is in the point that the color filters 
are provided in the positions between the electrodes and the 
liquid crystal. Generally, color filters are provided in the 
positions between the electrodes and the substrate in order to 
apply the voltage effectively to the liquid crystal. However, by 
arranging them in the manner of the present preferred embodiment, 
two new effects are obtained. One is the expansion of the visual 
angle, and another is the improvement of the color purity in the 
intermediate tones. 

[0045] 

Fig. 8 is a drawing showing the voltage reflectivity 
properties of the reflective type color liquid crystal device in 
Embodiment 5 of the present invention. The horizontal axis is 
the voltage effectively applied to the liquid crystal, and the 
vertical axis is the reference reflectivity set to 100% when the 
voltage is not applied. 81 is the property of the areas not 
having color filters within the light-controllable areas, and 82 
is the property of the areas having the color filters. Because 
of the voltage effect due to the division of capacity, the 
sharpness of 82 is worse in the voltage reflectivity properties 
than 81. In other words, it is harder for the voltage to be 
applied to the liquid crystal when the areas having the color 
filters are compared with the areas not having them. Because two 
areas exist within a single pixel, having different voltage- 
spending conditions in this manner, the visual angle properties 
are improved by the effect (generally called the ^^halftone 
effect") disclosed in Japanese Laid-Open Patent No. 2-12 and 
Japanese Laid-Open Patent No. 4-348323. Also, because the areas 
having the color filters always have a higher reflectivity in the 
intermediate tone display state, there is also the effect of the 
colors being displayed richer. 



[0046] 



(Embodiment 6) 



Fig. 9 is a drawing showing the essential components of the 
structure of a reflective color liquid crystal device pertaining 
to the invention as defined in Claim 5 of the present invention. 
The configuration is explained. 1 is an upper polarizing plate, 
4 is an element substrate, 3 is liquid crystal, 2 is an opposing 
substrate, 5 is a lower polarizing plate, and 6 is a scattering 
reflector. On opposing substrate 2 are provided opposing 
electrode (scan line) 8 and color filters 7, and on element 
substrate 4 are provided signal line 9, MIM element 10, and pixel 
electrode 11. 

Color filters 7 are composed of the two colors, red (^^R" in 
the drawing) and cyan (^^C" in the drawing) , being in a mutually 
complementary relationship, but on part of the dots there are not 
provided color filters. The color filters used here are the same 
as Embodiment 1, and their spectral properties are shown in Fig. 
2. 

[0047] 

Fig. 10 is a drawing showing the orientation of the color 
filters in the form viewing Fig. 9 from above. ""^R" in the 
drawing shows a dot having a red filter, ^*C" shows a dot having a 
cyan filter, and ^^W" shows a dot having no color filter. On 1/3 
of the entirety of dots was provided red filters, on 1/3 of the 
dots was provided cyan filters, and on the remaining 1/3 of the 
dots was provided no filters. Also, Fig. 10 (a), (b) , (c) , and 
(d) show the distribution of the on dots and off dots when having 
displayed variously white, red, cyan, and black. The dots having 
hatching applied are the on dots, that is, the dark state, and 
the dots not having the hatching applied are the off dots, that 
is, the bright state. When performing display in this manner, 
because the color display is performed with 2/3 of the entirety 
of the dots, a display brighter than usual becomes possible. 
Also, even when displaying intermediate tones with a color 
display, if the brightness is adjusted mainly by the dots not 
having color filters, it has the merit of always being able to 
display brilliant colors. For example, when displaying dark red, 
half of the dots having color filters can be turned on with all 
the dots having red filters turned off and the dots having cyan 
filters turned on. 

[0048] 

Another color filter placement is shown in Fig. 11. On 1/4 
of the entirety of the dots were placed the red filters, on 1/4 
of the dots were placed the cyan filters, and on the remaining 



1/2 of the dots were not placed color filters. Also, Fig. 11 
(a) / (b) , (c) / and (d) show the distribution of the on dots and 
off dots when displaying variously white, red, cyan, and black. 
When performing such displays, because the color display is 
performed with 3/4 of the entirety of the dots, a display even 
brighter than the color filter placement of Fig. 35 is possible. 

[0049] 

As another example, the placement when using three colors of 
filters, red, green, and blue, is shown in Fig. 12. The ^^R" in 
the drawing shows the dots having red filters, shows the dots 

having green filters, ^^B" shows the dots having blue filters, and 

shows the dots not having color filters. On 1/6 of the 
entirety of the dots were provided the red filters, on 1/6 of the 
dots were provided the green filters, on 1/6 of the dots were 
provided the blue filters, and on the remaining 1/2 of the dots 
were not provided color filters. Also, Fig. 12 (a), (b) , (c) , 
and (d) show the distribution of the on dots and off dots when 
displaying variously white, red, green, and blue. When 
performing such displays, because the color display is performed 
with 4/6 of. the entirety of the dots, a bright display is 
possible . 

[0050] 

{ Embodiment 7 ) 

Fig. 13 is a drawing showing the essential components of the 
structure of a reflective color liquid crystal device pertaining 
to the invention as defined in Claim 6 of the present invention. 
The configuration is explained- 1 is an upper polarizing plate, 
4 is an element substrate, 3 is liquid crystal, 2 is an opposing 
substrate, 5 is a lower polarizing plate, and 6 is a scattering 
reflector. On opposing plate 2 are provided opposing electrode 
(scan line) 8 and color filters 7, and on element substrate 4 are 
provided signal line 9, pixel electrode 10, and MIM element 11. 
Color filters 7 are of the dye distributed type, and they consist 
of the three colors, red C'R'' in the drawing), green (""C" [sic: 
^^G''] in the drawing) , and blue (^^B" in the drawing) . 

[0051] 

Fig. 14 is a drawing showing the spectral properties of 
color filters 7. In Fig. 14, the horizontal axis is the light 
wavelength, the vertical axis is the transmissivity, 91 and 94 
show the spectrum of the red filter, 92 and 95 show the spectrum 
of the green filter, and 93 and 96 show the spectrum of the blue 
filter. Also, 91 and 94, 92 and 95, and 93 and 96 variously have 
the same color filter material, but their thicJcnesses are 



different, the former of each being O.Sjm and the latter being 
0.2|jin. The average transmissivity of the red filters for the 
light in the 450nm to 660nm wavelength range was 28% when the 
thickness was 0.8nm and 74% when the thickness was 0,2)im. Also, 
the average transmissivity of the green filters was 33% when the 
thickness was O.Bjam and 75% when the thickness was 0.2|im, Also, 
the average transmissivity of the blue filters was 30% when the 
thickness was 0,8|im and 74% when the thickness was 0.2|jm. 

[0052] 

Fig. 14 is a drawing having plotted the average 
transmissivity when having variously changed the thickness of the 
color filters. In the drawing, 1401 is the case of the blue 
filter, 1402 is the case of the green filter, and 1403 is the 
case of the red filter. All of the color filters have a trend 
whereby the average transmissivity becomes higher as the filter 
becomes thinner. The thickness of an ordinary dye distributed 
color filter used in transmissive types is about 0.8|jjn, but when 
having used such a color filter, it could only display so dark 
that it couldn't be discriminated unless is was under direct 
sunlight outdoors or unless, special illumination was performed 
with such as a spotlight. When the thickness was 0.23|im or less, 
that is, when the average transmissivity of all the color filters 
was 70% or more, a brightness was obtained being comfortable to 
use in a comparatively bright room of about 1000 lux brightness, 
for example, in an environment such as an office desk illuminated 
by a fluorescent lamp stand. When the thickness was 0.18|im or 
less, that is, when each of the average transmissivity of all the 
color filters was 75% or more, a brightness was obtained being 
sufficient for use even under the ordinary room illumination of 
about 200 lux. Also, when the thickness was 0.8^im or more, that 
is the average transmissivity of all the color filters was 90% or 
more, a display was possible such that the colors could be 
recognized clearly. Thus, for dye distributed color filters, it 
is desirable that their thickness be 0.23|im or less, more 
preferably 0.18|im or less, and further preferably 0.08|im or less. 

(Embodiment 8) 

Embodiment 8 is a reflective color liquid crystal device 
pertaining to the invention as defined in Claim 7 of the present 
invention. However, its structure is identical to that of the 
reflective color liquid crystal device of Embodiment 7 shown in 
Fig. 13. The difference with Embodiment 7 is in the color 
filters . 



[0053] 



Fig, 16 is a drawing showing the spectral properties of 
color filters 7. In Fig. 16, the horizontal axis is the light 
wavelength, the vertical axis is the transmissivity, 21 shows the. 
spectrum of the red filter, 22 shows the spectrum of the green 
filter, and 23 shows the spectrum of the blue filter. 21, 22, 
and 23 are all weak color filters, but the images displayed with 
such filters are light. The visibility of the red and blue may 
be particularly low, and discrimination of the colors is 
difficult. Thus, although the tinge is changed more or less, 
bright color filters transmitting a broader range of wavelengths 
were used. 

When a red filter having lower color purity was used in 
place of the red filter, a rather orange-ish but very bright red 
could be displayed. The spectrum of this filter is shown in 27. 
This filter is characterized by having a transmissivity of 70% or 
more, desirably 75% or more, for the light of the wavelengths in 
the range of 570nm to 660nm. Also, when a blue filter having 
lower color purity was used in place of the blue filter, a rather 
cyan-ish but very bright blue could be displayed. This filter is 
shown in 28. This filter is characterized by having a 
transmissivity of 70% or more, desirably 75% or more, for the 
light of the wavelengths in the range of 450nm to 520nm. 
Nevertheless, if such color filters are used, the white display 
has a tendency toward becoming reddish or bluish. Thus, when 
using the above color filters, it is desirable to adjust the 
color balance by combining a green filter having a higher color 
purity. A green filter having a higher color purity is shown in 
29. This filter is characterized by having a transmissivity of 
70% or more for the light of the wavelengths in the range of 
510nm to 590nm. 

[0055] 

(Embodiment 9) 

Embodiment ' 9 is a reflective color liquid crystal device 
pertaining to the invention as defined in Claim 8 of the present 
invention. Nevertheless, its structure is identical to the 
reflective color liquid crystal device of Embodiment 1 shown in 
Fig. 1, the reflective color liquid crystal device of Embodiment 
3 shown in Fig. 6, the reflective color liquid crystal device of 
Embodiment 4 shown in Fig. 1, the reflective color liquid crystal 
device of Embodiment 6 shown in Fig. 9, and the reflective color 
liquid crystal device of Embodiment 7 shown in Fig. 13. 



[0056] 



Its characteristics are in the fact that, of the pair of 
siibstrates, element substrate 4 is placed on the far side of the 
reflector, and opposing substrate [2] is placed on the near side 
of the reflector. Because the process for the opposing substrate 
is simpler compared with the element substrate, a 0.7t, 0 . 55t 
sheet glass is easily used. Accordingly, it is possible to 
suppress double images and color mixing by making the distance 
between the color filter layer and the reflector shorter. 

[0057] 

In the above embodiments, we have paid attention to the 
independent properties of the color filters and have discussed 
their brightness and color. However, an actual design must take 
into consideration the color interference due to the ITO, the 
color of the reflector, and the coloration due to the liquid 
crystal mode itself. The reason is because a slight coloration, . 
which normally does not become a problem, extends an important 
influence since the color filters used in the reflective color 
liquid crystal device are extremely thin and light. As an 
example, in order to compensate for the coloration due to the 
ITO, a method that changes the thickness of the ITO between the 
opposing substrate and the element substrate, compensating for 
each other, is effective. Also, the TN mode having little 
coloration was used in all of the above embodiments, but when 
other liquid crystal modes are used, especially the retardation 
plate compensated STN mode, the spectral properties of the color 
filters should be corrected in order to compensate for the blue- 
green coloration. 

[0058] 

[Effect of the Invention] 

As described above, according to the present invention, it 
is possible to provide a reflective color liquid crystal device 
that is bright and has a high contrast ratio by combining a 
liquid crystal mode using a polarizing plate with bright color 
filters . 

[Brief Description of the Drawings] 
[Fig. 1] 

Fig. 1 is a drawing showing the essential components of the 
structure of a reflective color liquid crystal device in 
Embodiment 1, Embodiment 2, Embodiment 5, and Embodiment 9 of the 
present invention . 



[Fig. 2] 



Fig. 2 is a drawing showing the spectral properties of color 
filters of a reflective color liquid crystal device in Embodiment 

1 and Embodiment 6 of the present invention. 

[Fig. 3] 

Fig. 3 is a drawing showing, in Embodiment 1 of the present 
invention, the relationship between the proportion of the surface 
area in which the color filters are provided in the light- 
controllable area and the average transmissivity at that time. 

[Fig. 4] 

Fig. 4 is a drawing showing the spectral properties of color 
filters of a reflective color liquid crystal device in Embodiment 

2 of the present invention. 

[Fig. 5] 

Fig. 5 is a drawing showing, in Embodiment 2 of the present 
invention, the relationship between the proportion of the surface 
area in which the color filters are provided in the light- 
controllable area and the average transmissivity at that time. 

[Fig. 6] 

Fig. 6 is a drawing showing the essential components of the 
structure of a reflective color liquid crystal device in 
Embodiment 3, Embodiment 5, and Embodiment 9 of the present 
invention. 

[Fig. 7] 

Fig. 7 is a drawing showing the essential components of the 
structure of a reflective color liquid crystal device in 
Embodiment 4, Embodiment 5, and Embodiment 9 of the present 
invention. 

[Fig. 8] 

Fig. 8 is a drawing showing the voltage reflectivity 
properties of a reflective color liquid crystal device in 
Embodiment 6 of the present invention. 

[Fig. 9] 

Fig. 9 is a drawing showing the essential components of the 
structure of a reflective color liquid crystal device in 
Eiabodiment 6 of the present invention. 



[Fig. 10] 



Fig. 10 is a drawing showing one example of color filter 
placement and color display method of a reflective color liquid 
crystal device in Embodiment 6 of the present invention. (a) 
white display, (b) red display, (c) cyan display, (d) black 
display. 

[Fig, 11] 

Fig. 11 is a drawing showing one example of color filter 
placement and color display method of a reflective color liquid 
crystal device in Embodiment 6 of the present invention. (a) 
white display, (b) red display, (c) cyan display, (d) black 
display. 

[Fig. 12] 

Fig. 12 is a drawing showing one example of color filter 
placement and color display method of a reflective color liquid 
crystal device in Embodiment 6 of the present invention. (a) 
white display, (b) red display, (c) green display, (d) blue 
display. 

[Fig. 13] 

Fig. 13 is a drawing showing the essential components of the 
structure of a reflective color liquid crystal device in 
Embodiment 6 of the present invention. 

[Fig. 14] 

Fig. 14 is a drawing showing the spectral properties of 
color filters of a reflective color liquid crystal device in 
Embodiment 7 of the present invention. 

[Fig. 15] 

Fig. 15 is a drawing having plotted the average 
transmissivity when having variously changed the thickness of 
color filters in Embodiment 7 of the present invention. 

[Fig. 16] 

Fig. 16 is a drawing showing the spectral properties of 
color filters of a reflective color liquid crystal device in 
Embodiment 8 of the present invention. 



[Fig. 17] 



Fig. 17 is a drawing showing the spectral properties of 
color filters of a conventional transmissive color liquid crystal 
device . 

[Fig. 18] 

Fig. 18 is a drawing showing the spectral properties of the 
color filters proposed in Fig. 8 of the article by Mr, Tatsuo 
Uchida, et al . (IEEE Transactions on Electron Devices, Vol. ED- 
33, No. 8, pp. 1207-1211 (1986)) 

[Fig. 19] 

Fig. 19 is a drawing showing the spectral properties of the 
color filters proposed in Fig. 2 of the article by Mr, Seiichi 
Mitsui, et al. (SID92 Digest, pp. 437-440 (1992)) 

[Fig. 20] 

Fig. 20 is a drawing showing the spectral properties of the 
color filters proposed in Fig. 2(a), (b) , and (c) of Japanese 
Laid-open Patent No. 5-241143. 

[Description of the Symbols] 



1 


upper polarizing plate 


2 


opposing substrate 


3 


liquid crystal 


4 


element substrate 


5 


lower polarizing plate 


6 


scattering reflector 


7 


color filter 


8 


opposing electrode (scan line, scan electrode) 


9 


signal line 


10 


pixel element 


11 


MIM element 


19 


black mask 


21 


red filter spectrum 


22 


green filter spectrum 


23 


blue filter spectrum 


24 


yellow filter spectriam 


25 


cyan filter spectrum 


26 


magenta filter spectriam 


27 


low-color purity red (orange) filter spectrum 


28 


low-color purity blue (cyan) filter spectriam 


29 


high-color purity green filter spectrum 


71 


average transmissivity in dot provided with red filter in 


Fig. 


2 



72 average transmissivity in dot provided with cyan filter in 
Fig. 2 

73 average transmissivity in dot provided with red filter in 
Fig. 4 

74 average transmissivity in dot provided with cyan filter in 
Fig. 4 

81 voltage reflectivity properties of part not having color 
filter 

82 voltage reflectivity properties of part having color filter 

91 O.S^m thick red filter spectrum 

92 O.Sjim thick green filter spectrum 

93 0.8|im thick blue filter spectriim 

94 0.2|im thick red filter spectrum 

95 0.2[im thick green filter spectrum 

96 0.2|im thick blue filter spectrum 

97 change of average transmissivity due to thickness of red 
filter 

98 change of average transmissivity due to thickness of green 
filter 

99 change of average transmissivity due to thickness of blue 
filter 
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[Docioment] Abstract of the Disclosure 



[Abstract] 

[Object] To provide a briglit, higli-contrast reflective color 
liquid crystal device. 

[Means to Acliieve ttie Object] In a color liquid crystal panel 
that drives a TN mode liquid crystal using a MIM element or TFT 
element, a bright display can be obtained even with reflection by 
malcing the color filters brighter than those used in ordinary 
transmissive color liquid crystal devices. The bright color 
filters use the following methods: (1) a method whereby the color 
filters are provided only in a part of the pixels, (2) a method 
whereby thin, light color filters are provided, and (3) a method 
whereby color filters that transmit light at a wider range of 
wavelengths are used. 

There is an identical effect even when a panel driving a 
simple matrix black and white STN liquid crystal is used in place 
of a MIM or TFT panel • 
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